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, $u$ l $L$ , $i=\sqrt{-1},$ $\partial_{x}=\frac{\partial}{\partial xj}j$ . $a_{j},$ $V$
,
$aj\in L_{lo\mathrm{c}}^{2}(\Omega),$ $(j=1, \cdots, d),$ $V\in L_{loc}^{1}(\Omega),$ $V\geq 0$ $(1\cdot 1)$
. , $L=( \frac{1}{}\dot{.}\nabla-a)^{2}+V$ . $a=$
$(a_{1}, \cdots, a_{d})$ l , $V$
.
, $L$ , $L$
. ,
Dirichlet ( $u=\mathrm{O}$ on $\partial\Omega$), Neumann ( $(\nabla-ia)u\cdot\nu=0$ on $\partial\Omega$ )
, Robin
$(\nabla-ia)u\cdot\nu=-\sigma u$ on $\partial\Omega$ $(1\cdot 2)$
, $L$ $H_{\Omega}^{R}$ . , $\nu$
, $\sigma\in L^{\infty}(\partial\Omega;R)$ . Dirichlet
(1.2) $\sigma=+\infty$ , Neumann (1.2) $\sigma=0$
.
$H_{\Omega}^{R}$ ,
$(H_{\Omega}^{R}u, u)_{\Omega}=||( \nabla-ia)u||_{\Omega}^{2}+(Vu, u)_{\Omega}+\int_{\partial\Omega}\sigma|u|^{2}dS$ , $(1\cdot 3)$
.
$Q(H_{\Omega}^{R})=\{u\in L^{2}(\Omega)|(\nabla-ia)u\in(L^{2}(\Omega))^{d}, V^{1/2}u\in L^{2}(\Omega)\}$
, $\Omega$ $\Omega$ , (1.3)
, . $\sigma\leq 0$
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(1.3) , $H_{\Omega}^{R}$ \rightarrow . $V\geq 0$ , Dirichlet
, Neumann . ,
$\sigma$ $\sigma\leq 0^{1}$ Robin
( , $\sigma\leq 0$ (1.2) Steklov
(Gustafson-Abe[l] ) , Egorov-El Aidi[2]
$\sigma\leq 0$ Robin ).
,
$\sigma\in L^{\infty}(\Omega),$ $\sigma\leq 0$ (1.4)
, $H_{\Omega}^{R}$ $N_{-}(H_{\Omega}^{R})$ .
$V$ , $V$ .
, Egorov-El Aidi[2] $\ _{\vee}\text{ }$ :
Theorem 1.1 (Egorov-El Aidi) $d>2,$ $\Omega=R^{d-1}\cross(-, \infty)$ , $q\geq d/2,$ $q_{1}\geq$
$d-1$ . , $d,$ $q,$ $q_{1}$ $C_{1},$ $C_{2}$ $V(x)\leq 0$ ,
$V\in L^{q}(R^{d-1}\cross(0, \infty)),$ $\sigma(x’)\leq-,$ $\sigma\in L^{q_{1}}(R^{d-1})$ $V,$ $\sigma$ compact ,
$N_{-}(H_{\Omega}^{R}) \leq C_{1}\int_{x_{d}>0}|V(x)|^{q}|x|^{2q-d}dx+C_{2}\int_{x_{d}=0}|\sigma-(x’)|^{q_{1}}|x’|^{q_{1}-d+1}dx’$ .
, $V$ , $\sigma|$ ,







.( ). , ,
$\sigma$
.





, 1 $\sigma.$) (2 ), $.\langle$ 2
(3 ), 2 (4 ) . .








direct integral . Robin
. (5 ).
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1 $R_{+}=(0, \infty)$ , $\sigma$ . ,
$H_{\mathrm{R}_{\dagger}}^{R}$ $a=0$ , $a=0$ .
$V=0$ , $H_{\mathrm{R}_{+}}^{R}=-\Delta_{\mathrm{R}}^{R}+$ ( $-\Delta=-\partial_{x}^{2}$ Robin $u’(0)=\sigma u(0)$
) . ,
$\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(-\Delta_{\mathrm{R}_{+}}^{R})=\{-\sigma^{2}\}\cup[0, \infty)$ ,
. $-\sigma^{2}$ 1 , $\psi_{-}(x)=\sqrt{2|\sigma|}e^{\sigma x}$
. $\sigma<0$ $N_{-}(-\Delta_{\mathrm{R}+}^{R})=1$ . , $V$
:
Proposition 2.1 $\sigma<0$ , V\in Lllo $V\geq 0$ . ,
$V_{\sigma}:=2| \sigma|\int_{0}^{\infty}V(x)e^{2\sigma x}<\sigma^{2}$ (2.5)
$N_{-}(H_{\mathrm{R}_{+}}^{R})=1$ , $\lambda_{-}$
$-\sigma^{2}\leq\lambda_{-}$ $\sigma^{2}+V_{\sigma}$ . (2.6)
Proof. $V\geq 0$ , min-max principle $N_{-}(H_{\mathrm{R}+}^{R})\leq N_{-}(-\Delta_{\mathrm{R}_{+}}^{R}\models 1$ . , (2.5)
$\psi_{-}\in Q(H_{\mathrm{R}_{+}}^{R})$ ,
$(H_{\mathrm{R}_{+}}^{R}\psi_{-}, \psi_{-})$
$=$ $(- \Delta_{\mathrm{R}_{+}}^{R}\psi_{-}, \psi_{-})+2|\sigma|\int_{0}^{\infty}V(x)e^{2\sigma x}$
$=$ $-\sigma^{2}+V_{\sigma}<0$ .
min-max principle $H_{\mathrm{R}_{+}}^{R}$ (2.6) , $N_{-}(H_{\mathrm{R}_{+}}^{R})\geq$
$1$ . $\text{ }$
3
$d\geq 2$ , $(a=0)$ .
$\Omega_{\Gamma}=\Gamma \mathrm{x}R_{+}$ ( $\Gamma$ $d-1$ , $R_{+}=(0,$ $\infty)$ ) , $\sigma$ . $d$
185
$x=(x’,x_{d})$ $(x’\in R^{d-1}, x_{d}\in R)$ . $\Omega_{\Gamma}$
$\Gamma\cross\{0\}$ Robin , Dirichlet
$\frac{\partial u}{\partial x_{d}}(x’, 0)=\sigma u(x’, 0)(x’\in\Gamma)$ , $u(x’, x_{d})=0(x’\in\partial\Gamma, x_{d}\in(0, \infty))$ ,
$\Delta+V$ $H_{\Omega_{\Gamma}}^{RD}$ . $N_{-}(H_{\Omega_{\Gamma}}^{RD})$
, . , $N(\lambda;-\Delta_{\Gamma}^{D})$ $d-1$ $\Gamma$
Dirichlet $\mathrm{L}\mathrm{a}\mathrm{p}1\mathrm{a}\mathrm{c}\mathrm{i}\mathrm{a}\mathrm{n}-\Delta_{\Gamma}^{D}$ $\lambda$ $\ovalbox{\tt\small REJECT}$
Proposition 3.1 $V_{\sigma}:=2| \sigma|\int_{0}^{\infty}\sup_{x’\in\Gamma}(V(x’,x_{d}))e^{2\sigma x_{d}}dx_{d}$ ,
$N(\sigma^{2}-V_{\sigma};-\Delta_{\Gamma}^{D})\leq N_{-}(H_{\Omega_{\Gamma}}^{RD})\leq N(\sigma^{2};-\Delta_{\Gamma}^{D})$.
, $V=0$ .
$V$ , $\sigmaarrow-\infty$ $V_{\sigma} arrow\sup_{x’\in\Gamma}V(x’, 0)$




Proof. , . $V=0$ , $\Delta_{\Omega_{\Gamma}}^{RD}$ ,
$-\sigma^{2}+\lambda_{n}(-\Delta_{\Gamma}^{D})$ ( $\lambda_{n}(-\Delta_{\Gamma}^{D})$ $d-1$ $\Delta_{\Gamma}^{D}$
$n$ ) . , $N_{-}(-\Delta_{\Omega_{\Gamma}}^{RD})=N(\sigma^{2};-\Delta_{\Gamma}^{D})$ .
$\min$-mo principle , $V\geq 0$ $N_{-}(H_{\Omega_{\Gamma}}^{R})\leq N_{-}(-\Delta_{\Omega_{\Gamma}}^{RD})$ .
, min-max principle lemma
.
Lemma 3.2 $A$ Hilbert , $Q(A)$ $A$
. $Q(A)$ $W$ ,
$(Hu, u)<0\forall u\in W,$ $u\neq 0$
, $N_{-}(A)\geq\dim W$ . $\text{ }$
$W_{m}$ , $\{\phi_{n}(x’)\psi_{-}(x_{d})\}_{n=1,\cdots,m}$ $m$ . , $\phi_{n}(x’)$
$-\Delta_{\Gamma}^{D}$ $\lambda_{n}(-\Delta_{\Gamma}^{D})$ , $\psi_{-}(x_{d})=\sqrt{2|\sigma|}e^{\sigma x_{d}}$
$\mathrm{R}\mathrm{o}\mathrm{b}\mathrm{i}\mathrm{n}- \mathrm{L}\mathrm{a}\mathrm{p}1\mathrm{a}\mathrm{c}\mathrm{i}\mathrm{a}\mathrm{n}-\Delta_{\mathrm{R}_{\dagger}}^{R}$
$-\sigma^{2}$ . ,
$u(x’, x_{d})=\Sigma_{n=1}^{m}$ $\phi_{n}(x’)\psi_{-}(x_{d})\in W_{m}$ , $||u||=1$ ,
$(Hu, u)$
$=$ $(-\Delta_{\Omega_{\Gamma}}^{RD}u, u)+(Vu, u)$
$\leq$ $- \sigma^{2}+\sum_{n=1}^{m}\lambda_{n}|c_{n}|^{2}+\int_{0}^{\infty},\sup_{x\in\Gamma}(V(x’, x_{d}))|\psi_{-}(x_{d})|^{2}dx_{d}\int_{\Gamma}|\sum_{n=1}^{m}c_{n}\phi_{n}(x’)|^{2}dx’$
$\leq$ $-\sigma^{2}+\lambda_{m}+V_{\sigma}$ .
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, \lambda $<\sigma^{2}-V_{\sigma}$ $W_{m}$ Lemma 32 . Proposition
3.1 . $\text{ }$
Proposition 3.1 Dirichlet-Neumann Bracketing (Reed-Simon[5] ), min-
max principle :
Theorem 3.3 $R_{+}^{d}=R^{d-1}\cross R_{+}$ , $a=0,$ $V\geq 0,$ $\sigma\in L^{\infty}(\Omega;R),$ $\sigma\leq 0$ . $r>$






$\sum_{n’\in \mathrm{Z}^{d-1}}N(\sigma_{+,n’}^{2}-V_{\sigma,n’};-\Delta_{Q_{r}(n’)}^{D})\leq N_{-}(H_{\mathrm{R}_{+}^{d}}^{R})\leq\sum_{n’\in \mathrm{Z}^{d-1}}N(\sigma_{-,n’}^{2};-\Delta_{Q_{r}(n’)}^{N})$
. (3.7)
, Theorem 33 $N_{-}(H_{\mathrm{R}_{+}^{d}}^{R})=\mathrm{d}\mathrm{i}\mathrm{m}\mathrm{R}\mathrm{a}\mathrm{n}P(-\infty,0)(H_{\mathrm{R}_{+}^{d}}^{R})$ ( $P$
), (3.7) $\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(H_{\mathrm{R}_{+}^{d}}^{R})\cap(-\infty, 0)$
( $V=0$ $\sigma$ ). ,
.
Proof. $R^{d-1}= \bigcup_{n’\in \mathrm{Z}^{d-1}}Q_{r}$ (n Dirichlet-Neumann bracketing (Reed-
Simon [5], p270, Proposition 4 ;
) ,
$\sum_{n’\in \mathrm{Z}^{d-1}}N_{-}(H_{Q_{r}(n’)}^{RD})\leq N_{-}(H_{\mathrm{R}_{+}^{d}}^{R})\leq\sum_{n’\in \mathrm{Z}^{d-1}}N_{-}(H_{Q_{r}(n’)}^{RN})$
.
, $\min-\max$ principle , $Q_{f}(n’)$ $\sigma$ $\sigma_{n’,-}$
, $\sigma$ $\sigma_{n’,+}$
. Proposition 3.1 .
$N(\lambda;-\Delta_{Q_{r}(n’)}^{D}),$ $N(\lambda;-\Delta_{Q_{\mathrm{r}}(n’)}^{N})$ ,





, $O((r\sqrt{\lambda})^{d-2})$ $r\sqrt{\lambda}arrow\infty$ $O((r\sqrt{\lambda})^{d-2})/|(r\sqrt{\lambda})^{d-2}|$
, $e_{d-1}$ $d-1$ , $N=\{1,2,3, \cdots\}$ , $\lambda_{+}=\max(\lambda, 0)$ .
, $\sigma,$ $V$ , $N_{-}(H_{\mathrm{R}_{+}^{d}}^{R})$
$\frac{e_{d-1}}{(2\pi)^{d-1}}\int_{\Omega}|\sigma(x’)|^{d-1}dx’$ ,
$\frac{e_{d-1}}{(2\pi)^{d-1}}\int_{\Omega}|(\sigma(x’)^{2}-V|_{\Gamma}(x’))_{+}|^{(d-1)/2}dx’$
( , Theorem 33 $r$
, ). ,




2 $\Omega_{l}:=(0, l)\cross R_{+}$ , $\sigma$ . 2
$x,$ $y$ . $B(x, y)\in L_{lo\mathrm{c}}^{2}(\Omega_{l})$ ,
$J\mathrm{s}a=(a_{1}.’ a_{2})$
$a_{1}(x, y)=- \int_{0}^{y}B(x, t)dt$ , a2 $(x, y)=0$
. , $\partial_{x}a_{2}-\partial_{y}a_{1}=B(x, y)$ . $\Omega_{l}$ , $(0, l)$ $\cross\{0\}$
Robin , Dirichlet
$\frac{\partial u}{\partial y}(x, \mathrm{O})=\sigma u(x, 0)(x\in\Gamma)$ , $u(x, y)=0(x\in\partial\Gamma, y\in(0, \infty))$ ,
$( \frac{1}{1}.\partial_{x}-a_{1})^{2}+(\frac{1}{1}.\partial_{y})^{2}+V$ $H_{\Omega_{l}}^{RD}$ . $H_{\Omega_{l}}^{RD}$
$N_{-}(H_{\Omega_{l}}^{RD})$ , :
Proposition 4.1 $B_{\sigma}:=\sqrt{(\int_{0}^{\infty}\sup_{x\in(0,l)}|B(x,y)|^{2}(y+\frac{1}{2|\sigma|})e^{2\sigma y}dy)}$ ,
1 $(H_{\Omega_{l}}^{RD}) \geq[\frac{(|\sigma|-B_{\sigma})l}{\pi}]_{-}$ .
, $[r]_{-}$ $r$ .
Proof. Theorem 3.1 , $W_{n}$ , Lemma 32
. $W_{m}$ , $\{\sqrt{2/l}\sin(n\pi x/l)\sqrt{2|\sigma|}e^{\sigma y}\}$ $(n=1, \cdots, m)$ .
$W_{m} \ni u(x, y)=\sum_{n=1}^{m}$ $\sqrt{2/l}\sin(n\pi x/l)\sqrt{2|\sigma|}e^{\sigma y},$ $||u||=1$ ,




$||a_{1}u||^{2}$ $\leq$ $\int_{0}^{\infty}dy(\sup_{x\in(0,l)}|a_{1}(x, y)|^{2})2|\sigma|e^{2\sigma y}$
$\leq$ $\int_{0}^{\infty}dy(\int_{0}^{y}\mathrm{B}(t)dt)^{2}2|\sigma|e^{2\sigma y}$
$\leq$ $2| \sigma|\int_{0}^{\infty}dy\int_{0}^{y}dt\mathrm{B}(t)^{2}ye^{2\sigma y}$
$=$ $2| \sigma|\int_{0}^{\infty}dt\mathrm{B}(t)^{2}\int_{t}^{\infty}ye^{2\sigma y}dy$ .
,
$\int_{t}^{\infty}ye^{2\sigma y}dy$ $=$ $[y \frac{1}{2\sigma}e^{2\sigma y}]_{t}^{\infty}-\int_{l}^{\infty}\frac{1}{2\sigma}e^{2\sigma y}dy$
$=$ $\frac{1}{2|\sigma|}(t+\frac{1}{2|\sigma|})e^{2\sigma t}$
, 1 lalull\leq B . , $n< \frac{\sigma-B}{\pi}$ $(H_{\Omega_{l}}^{RD}u, u)\leq(n\pi+||a_{1}u||)^{2}-$
$\sigma^{2}<0$ . Lemma 32 .
Dirichlet-Neumann bracketing ( Theorem 33
) :
Theorem 42 $R_{+}^{2}=R\cross R^{+}$ . $B=\partial_{x}a_{2}-\partial_{y}a_{1}\in L_{loc}^{2}(R_{+}^{2}),$ $\sigma=\sigma(x)\in$
$L^{\infty}(R;R),$ $\sigma\leq 0$ . $l>0,$ $n\in Z$ ,
$\sigma_{+,n}.=\mathrm{e}\mathrm{s}\mathrm{s}.\sup_{nx\in(nl,(+1)l)}\sigma(x)$
, $\sigma_{+,n}<0$ $n$ ,
$B_{\sigma,n}:=$
. ,
$N_{-}(H_{\mathrm{R}_{+}^{2}}^{R}) \geq\sum_{+n\in \mathrm{Z},\sigma+,n<0,|\sigma,n>B_{\sigma,n}}[\frac{(|\sigma_{+,n}|-B_{\sigma,n})l}{\pi}]_{-}$ .
Theorem 33 , $N_{-}(H_{\mathrm{R}_{+}^{2}}^{R})=\mathrm{d}\mathrm{i}\mathrm{m}\mathrm{R}\mathrm{a}\mathrm{n}P(-\infty,0)(H_{\mathrm{R}_{+}^{2}}^{R})$ , $\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(H_{\mathrm{R}_{+}^{2}}^{R})\cap(-\infty, 0)$





2 $R_{+}^{2}=R\cross R_{+}$ , $B>0$ , $\sigma$ ,
$L=( \frac{1}{\dot{|}}\partial_{x}-By)^{2}+(\frac{1}{\dot{|}}\partial_{y})^{2}$ Robin
$\partial_{y}u(x, 0)=\sigma u(x, 0)(x\in R)$
$H_{\mathrm{R}_{+}^{2}}^{R}$ . $x$ Fourier $\mathcal{F}_{x}$
$\mathcal{F}_{x}u(\xi, y)=\frac{1}{\sqrt{2\pi}}\int_{-\infty}^{\infty}e^{-:x\xi}u(x, y)dx$
, $v\in L^{2}(R_{\xi}\cross R_{+,y})\cap \mathcal{F}_{x}D(H_{\mathrm{R}_{+}^{2}}^{R})$ ( $D(A)$ $A$ ) ,
$\mathcal{F}_{x}H_{\mathrm{R}_{+}^{2}}^{R}\mathcal{F}_{x}^{*}v(\xi, y)=\{(\xi-By)^{2}+(\frac{1}{i}\partial_{y})^{2}\}v(\xi, y)$ .
. $L^{2}(R_{\xi} \cross R_{+,y})=\int_{\mathrm{R}_{\xi}}^{\oplus}L^{2}(R_{+,y})d\xi$ , direct integral decomposition
(Reed-Simon[5], p280 )
$H_{\mathrm{R}_{+}^{2}}^{R}= \int_{\mathrm{R}_{\xi}}^{\oplus}H_{\xi}d\xi$ (5.8)
. $H_{\xi}=-\partial_{y}^{2}+(\xi-By)^{2}$ $L^{2}(R_{+,y})$ 1 Schr\"odinger ,
$\partial_{y}v(0)=\sigma v(0)$ . $(\xi-By)^{2}$ $yarrow+\infty$
, $H_{\xi}$ . $n$ $\lambda_{n}(\xi)$ ,
$\phi_{n,\zeta}(y)$ . $\xi\in R$ $\lambda_{n}(\xi)$ $\xi$
,
Proposition 5.1 (i) $\xi>0$ , $\lambda_{1}(\xi)\geq 0$ .
(ii) $n\in N$ , $\xiarrow-\infty$ , $\lambda_{n}(\xi)arrow+\infty$ .
(iii) $n\geq 2$ , $\lambda_{n}(\xi)\geq B.\text{ }$
, Hermite $\lambda_{n}(\xi)arrow(2n-1)B(\xiarrow+\infty)$
, ( Dirichlet
(De Bi\‘evre-Pul\’e [2] ) , ).
Proof. (i) $C$ ( $\sigma<0$ ) :
$\sigma|v(0)|^{2}\geq C\sigma(\epsilon^{-1}\int_{0}^{1}|v(y)|^{2}dy+\epsilon\int_{0}^{1}|v’(y)|^{2})$ . (5.9)
, $0<\epsilon<1,$ $v\in Q(H_{\xi})$ , $C$ $\epsilon,$ $v$ . $\epsilon$ $C|\sigma|\epsilon<1/2$
. $\xi>0$ , $y\in$ $(0, 1)$ & $(\xi-By)^{2}+C\sigma\epsilon^{-1}\geq$
$0$ , (5.9) , $v\in Q(H_{\xi}),$ $||v||=1$
$(H\xi v, v)=||\partial_{y}v||^{2}+((\xi-By)^{2}v, v)+\sigma|v(0)|^{2}\geq 0$ (5.10)
190
. min-max principle .
(ii) $\xi<0,$ $y>0$ $(\xi-By)^{2}\geq\xi^{2}$ . , (5.9) (5.10)
min-max principle .
(iii) $\partial_{y}^{2}+(\xi-By)^{2}$ , $B$ , $\psi_{B}$ (y)=e- (y-j2
. $\psi_{B}$ $y\in(0, \infty)$ , $n\geq 2$ , $\lambda_{n}(\xi)$
$\phi_{n,\xi}$ $(0, \infty)$ . ,
$\lambda_{n}(\xi)\geq B$ . $\text{ }$
(5.8) Proposition 5.1 , $\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(H_{\mathrm{R}_{+}^{2}}^{R})=\bigcup_{nn’ n\xi\in \mathrm{R}}I$$I=\overline{\cup\{\lambda_{n}(\xi)\}}$
, $I_{n}$ . , $H_{\mathrm{R}_{+}^{2}}^{R}$
:
Theorem 5.2 $- \sigma^{2}\leq\inf$ $\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}H_{\mathrm{R}_{+}^{2}}^{R}\leq-\sigma^{2}+\frac{B^{2}}{4\sigma^{2}}.\text{ }$
Proof. (5.8) $\inf \mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(H)=\inf_{\xi}\inf \mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(H_{\xi})$ , $\inf \mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(H_{\xi})$
. , 1 $R_{+}$ Robin-laplacian $\Delta_{\mathrm{R}_{+}}^{R}$ ,
$H_{\xi}\geq-\Delta_{\mathrm{R}+}^{R}$ , min-max principle $\inf \mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(H_{\xi})\geq\inf \mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(-\Delta_{\mathrm{R}}^{R})+=-\sigma^{2}$ .
. , $-\Delta_{\mathrm{R}}^{R}+$
$\psi_{-}(y)=\sqrt{2|\sigma|}e^{\sigma y}$ ,
$(H_{\xi}\psi_{-}, \psi_{-})_{\mathrm{R}}+$ $=$ $- \sigma^{2}+2|\sigma|\int_{0}^{\infty}(\xi-By)^{2}e^{2\sigma y}dy$
$=$ $- \sigma^{2}+(\xi-\frac{B}{2|\sigma|})^{2}+\frac{B^{2}}{4\sigma^{2}}$ .
$\mathrm{n}-\max$ principle , $\inf_{\xi}\inf \mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(H\xi)\leq-\sigma^{2}+\frac{B^{2}}{4\sigma^{2}}$ .
, $|\sigma|>\sqrt{B/2}$ , $H$ .
$\cdot$
4 $\Omega_{l}=(0, l)\cross R_{+}$ , $\Omega_{l}$ , $(0, l)$ $\cross\{0\}$
Robin , $(\{0\}\cup\{l\})\cross R_{+}$ $x$
$\partial_{y}u(x, \mathrm{O})=\sigma u(x, 0)(x\in(0, l)),$ $u(0, y)=u(l, y)(y\in R_{+})$
$L=( \frac{1}{i}\partial_{x}-By)^{2}+(\frac{1}{i}\partial_{y})^{2}$ $H_{\Omega_{l}}^{RP}$ $\langle$ . $H_{\Omega_{l}}^{RP}$
$N_{-}(H_{\Omega_{l}}^{RP})$ :
Theorem 53 (i) $N_{-}(H_{\Omega_{l}}^{RP})=\#\{m\in Z|\lambda_{1}(2\pi m/l)<0\}$ .
(ii) $\lim_{larrow\infty}\frac{N_{-}(H_{\Omega_{l}}^{RP})}{l}=\underline{|\{\xi|\lambda_{1}}$(2\mbox{\boldmath $\xi$}\pi )<0}|.
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$\{$ $-By)^{2}-\ovalbox{\tt\small REJECT}\}v(y)\ovalbox{\tt\small REJECT}\lambda v(\emptyset \mathit{9}$ Whittaker (
, .
, – $\ovalbox{\tt\small REJECT}$ –
.
Proof. $x$ Fourier $\mathcal{F}_{x}^{l}$ : $L^{2}(\Omega_{l})arrow l^{2}(Z)\otimes$
$L^{2}(R_{y})$
$\mathcal{F}_{x}^{l}u(m, y)=\sqrt{\frac{1}{l}}\int_{0}^{l}e^{-2m\pi}u(:x/\iota x, y)dx$
. , $v\in(l^{2}(Z)\otimes L^{2}(R_{+,y}))\cap \mathcal{F}_{x}^{l}D(H_{\Omega_{l}}^{R})$
$\mathcal{F}_{x}^{l}H_{\Omega_{l}}^{RP}\mathcal{F}_{x}^{l^{*}}v(m, y)=\{(\frac{2m\pi}{l}-By)^{2}-\partial_{y}^{2}\}v(m, y)$
. $l^{2}(Z) \otimes L^{2}(R_{+,y})=\oplus\sum_{m\in \mathrm{Z}}L^{2}(R_{+,y})$ ,
$H_{\Omega_{l}}^{RP}= \oplus\sum_{m\in \mathrm{Z}}H_{2m\pi/l}$
. Proposition 5.1 (iii) , (i) . ,
$\#\{m\in Z|\lambda_{1}^{\sigma}(2\pi m/l)<0\}/l$ | $R$ $\{\xi|\lambda_{1}(\xi)<0\}$ ,
$2\pi/l$ Riemann 1/(2\pi ) , $\lambda_{1}(\xi)$ (ii)
.
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